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Background: Considering that modification in body composition and growth velocity leads to alterations in
zinc and copper nutritional status, the purpose of the study was to assess erythrocyte zinc and serum copper in
adolescents of both genders, according to the stage of sexual maturity at different growth phases.
Methods: Two hundred and eighty-six adolescents were assessed, 157 were female, with body mass index Z-score
between −2 and +2. Clinical biochemical measurements were assessed using atomic absorption spectrophotometry.
Student’s t, Kruskal-Wallis, and Bonferroni tests were used.
Results: Median serum copper was superior, and zinc was inferior to respective reference values in all groups. Serum
copper presented significant reduction in the final stages of pubertal development in males; in turn, erythrocyte zinc
values increased linearly with the evolution of puberty stages in both genders. Comparison between genders in each
stage of growth showed significant difference in peak acceleration and in deceleration for erythrocyte zinc and serum
copper, with both being higher in females.
Conclusions: Serum copper is inversely influenced by modifications that occur with the evolution of puberty in males,
whereas erythrocyte zinc is directly influenced in both genders, although always with deficient deposition. At peak
acceleration and deceleration of growth, there is greater mobilization of erythrocyte zinc and serum copper in males,
when compared with females, which does not occur at the onset of the acceleration of growth.
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Modifications in body composition and growth velocity
that occur in adolescence differ according to gender and
stage of pubertal development, leading to alterations in
zinc and copper nutritional status. Variability of erythro-
cyte and serum levels of these oligoelements may not be
exclusively due to increased needs [1, 2] and low intake
[2–4] frequently found in this age group. Even after
completion of the pubertal growth spurt, requirements
continue to elevate, seeking the replenishment of stocks
depleted by high demand.
The importance of zinc during adolescence may be
differentiated in four distinct aspects: in the regulation* Correspondence: amancio.olga@gmail.com
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control, and bone growth. In the latter, it stimulates cell
replication and differentiation of chondrocytes, osteo-
blasts (directly activates aminoacyl-tRNA synthetase
stimulating protein synthesis), and fibroblasts [5]; it
participates in the cell transcription culminating in the
synthesis of somatomedin-C (IGF-1) (liver), alkaline
phosphatase, collagen, and osteocalcin (bone) [5, 6]; it
enhances the action of 1,25-hydroxyvitamin D3 and ex-
erts an inhibitory effect on osteoclast activity [7]. In the
endocrine system, zinc promotes the dimerization of the
growth hormone (GH) granting greater stability; it par-
ticipates in the synthesis of somatomedin-C and GH re-
ceptors at hepatic level and in spermatogenesis and
oogenesis [7, 8].le is distributed under the terms of the Creative Commons Attribution 4.0
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secretion of gonadotropins compromising normal ovar-
ian development and the estrogen cycle [9] as well as
the testicular development [8].
Regarding copper, it is known that it performs, among
others, an important role in iron metabolism, and that
during puberty, requirements are high due to increased
erythrocyte mass and connective tissue growth [1]; it
also exerts an influence on the concentration of sexual
hormones [10]. According to Bedwal and Bahuguna [9],
existing hormonal differences between genders influence
body mass distribution and copper requirements [11].
Increased adiposity may also determine a rise in cop-
per concentrations due to an increase in the conversion
of androgens and estrogens [12].
Considering the importance of zinc and copper in the
processes involved with growth and sexual maturity, and
in the virtue of the lack of research related to this sub-
ject during the period of adolescence, justifies this
current study, which had an objective to assess the levels
of serum copper and erythrocyte zinc in adolescents of
both genders, according to the stages of sexual maturity
at different growth phases.
Methods
This is a prospective and cross-sectional study involving
286 adolescents, with 157 females, between the ages of
10 and 20 years, students from public schools of the city
of Curitiba-PR. This study was approved by the
School Administration, and the Ethics Committee in
Research at the Federal University of Sao Paulo, with
prior written consent from participants and/or par-
ents/legal guardians.
The inclusion criteria are body mass index Z-score
between −2 and +2.
The exclusion criteria are the presence of chronic
illness, use of nutritional supplements or medications
containing iron, copper, or zinc, smoking, use of oral or
injectable contraceptives, and the practice of extra-
curricular physical activity.
Sample procedures
The Curitiba education network consists of 184 high
schools. Because of operational difficulties related to the
proximity to the health center with appropriate condi-
tions for the collection of blood samples, the City De-
partment of Health indicated a health center and three
schools that were located geographically near this center.
Thus, the 301 adolescents eligible for the study, enrolled
in these three schools, composed the study sample.
Although they have been called three times for data col-
lection, 15/301 did not attend for blood sampling, lead-
ing to a sample loss of 4.9 %. It characterized a sample
that includes the universe under study, when the threeschools are considered, thus presenting a great internal
validity. For generalization purposes to the universe of
adolescents enrolled in public network, there may be dif-
ficulties. However, there is no evidence that the students
enrolled in the sample schools are different from those
enrolled in other network schools.
To calculate the number of sample units in each pu-
bertal stage of each sex, the reference value for erythro-
cyte zinc was used, estimating a probability of type I
error (α) of 0.05 and a probability of type II error (β) of
80 %. However, in some groups, greater numbers of ado-
lescents were included because they were allocated after
the classification of pubertal stage. This fact has allowed
the reduction of variability of the measures, increasing
the significance of the sample. The study participants
were divided into two groups, according to gender and
grouped according to stage of sexual maturity.
Anthropometric assessment
Weight and height were measured according to inter-
nationally recommended standards [13], calculating the
body mass index Z-score [14].
Puberty staging
The model of sexual maturity staging proposed by Mar-
shall and Tanner [15, 16] was adopted, by means of self-
assessment [17]. Both breast development (B) and male
genital development (G) were taken into account. This
model uses the breast development to stage female sex-
ual maturity (stages from B1 to B5) and genital develop-
ment for male sexual maturity (stages from G1 to G5).
The biochemical variables were analyzed according to
puberty stages, taking into account similar physiological
states between genders for comparison. In other words,
the onset of the growth spurt: B2xG3; peak acceleration:
B3xG4, and deceleration of growth: B4xG5 and B5xG5.
Biochemical assessment
Blood samples (5 mL) were collected between 8 and
9 a.m., after 12 h fasting. All chemicals used were of ana-
lytical grade. Acid-washed glassware was used through-
out the study.
Erythrocyte zinc: erythrocyte mass was obtained ac-
cording to method described by Whitehouse et al. [18]
and stored at −18 °C until measurement. Hemoglobin
concentration was determined using the cyanmethemo-
globin method, soon after collection, and read at
540 nm. Results were expressed in μgZn/gHb, consider-
ing 35.6 to 47.8 μgZn/gHb, as reference value [19].
Serum copper and erythrocyte zinc concentrations
were determined using atomic absorption spectropho-
tometry (Perkin Elmer AA Spectrometer Model 5100
PC) under the following conditions: hollow-cathode
lamp; wavelength, 324.8 nm (Cu) and 213.9 nm (Zn);
Table 2 Median of erythrocyte zinc (μgZn/gHb) and of serum
copper (μg/dL) according to puberty stages in females































p Value <0.0001 0.837
B female breast development
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(Cu) and 65 (Zn); and duplicate reading with a 2-s inte-
gration time. Stock standard solutions of 1000 mg
metal/L (Perkin-Elmer, PEN 4300183 for Cu) were di-
luted with glycerol at 3 % for erythrocyte zinc and in
Milli-Q® water (Millipore Corporation, Darmstadt,
Germany) for serum copper, resulting in working stand-
ard solutions containing 0.1; 0.2; 0.3; 0.5, and 1.0 mg
Cu/mL. Accuracy of determinations was monitored
through comparison with the commercial Quality Con-
trol Standard 21 (Perkin-Elmer, PEN 9300281) for both
elements. Results for copper were expressed as μgCu/dL;
the <70 μgCu/dL cutoff point was adopted to identify
deficiency [20].
Statistical analysis
The Kruskal-Wallis and Bonferroni tests were used to
compare biochemical variables between the different pu-
berty stages, in each gender. For the comparison be-
tween genders at different growth phases, the Student’s t
test was used. α < 0.05 was adopted.
Results
Most of the adolescents assessed were in the G3
(13.12 %) and B3 puberty stages (13.83 %) (data not
shown), presenting values below the cutoff points for
erythrocyte zinc and serum copper, 96.9 and 5.6 % in
males and 93.0 and 3.2 % in females, respectively (data
not shown). Median serum copper was greater than the
respective reference values and erythrocyte zinc was
lower, in all groups (Tables 1 and 2).
Median erythrocyte zinc values increased linearly with
the evolution of puberty stages; the difference presentedTable 1 Median of erythrocyte zinc (μgZn/gHb) and of serum
copper (μg/dL) according to puberty stages in males
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G male genital development
( ) variation of the values found
p descriptive level of the Kruskal-Wallis testbetween stages 1 and 4 was statistically significant, in
both genders (Fig. 1). Serum copper, in turn, decreased
significantly in the final two stages in males, which was
not observed in females (Fig. 2).
Median erythrocyte zinc and serum copper values did
not present statistically significant differences between
genders at the onset of the growth spurt (B2 and G3).
Nevertheless, at peak acceleration of growth (B3 and
G4), there was significant difference for erythrocyte zinc,
p = 0.03 and serum copper values, p = 0.002, with higher
levels of both minerals in females (Tables 3 and 4).
In the deceleration of growth phase, stages B4 and B5
were compared to stage G5, serum copper and erythro-
cyte zinc presented statistically higher values for females
in both comparisons, p = 0.01 and 0.003 for serum cop-
per, and p = 0.042 and 0.007 for erythrocyte zinc, re-
spectively (Tables 3 and 4).
Discussion
Erythrocyte zinc deficiency was identified in 49.7 % of
the adolescents assessed. Erythrocyte zinc is considered
a constant parameter since the half-life of erythrocytes is
110 to 120 days, not representing an indicative of acute
deficiency or recent dietary inadequacy [21, 22]. Due to
the lack of researches on erythrocyte zinc, especially
during adolescence, it was not possible to compare the
results obtained. When normal values are reported in lit-
erature (39.4 ± 3.7 μgZn/gHb) [23], these are reported in
groups of both prepubertal and pubertal adolescents,
without identifying differences imposed by puberty.
The depletion of zinc as a result of zinc-dependent
processes, such as growth, has been shown by other
Fig. 1 Median values of erythrocyte zinc (μgZn/gHb) of male and female adolescents during the different puberty stages
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stored in red blood cells is mobilized by some organs
and/or organic fluids [24, 25].Similar to the results in this study, another study regis-
tered erythrocyte zinc during growth spurt, with higher
values in females [26].
Fig. 2 Median values of serum copper (μg/dL) of male and female adolescents during the different puberty stages
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Table 3 Mean levels of erythrocyte zinc (μgZn/gHb) in the
growth phases of female and male adolescents
Growth Phases Erythrocyte Zinc (μgZn/gHb) p Value
Onset of the growth spurt
B2 20.5 ± 5.7 (10.9 - 33.9) 0.26
G3 21.9 ± 5.9 (9.5 - 31.8)
Peak acceleration
B3 27.5 ± 9.2 (14.7 - 60.6) 0.03
G4 23.49 ± 7.85 (9.40 - 38.80)
Deceleration
B4 26.1 ± 7.83 (10.7 - 41.1) 0.042
G5 21.6 ± 7.6 (8.9 - 30.8)
B5 26.1 ± 7.83 (14.0 - 51.7) 0.007
G5 21.6 ± 7.6 (8.9 - 30.8)
B female breast development
G male genital development
( ) variation of the values found
p descriptive level of the Student's t test
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zinc, are lower median values in males during peak ac-
celeration and deceleration phases of growth, which may
be attributed to the elevated need for zinc in males, as
the growth rate and proportion of muscle per kilogram
of body weight are higher when compared to the need
for zinc in females. The participation of zinc in the
mechanisms involved in the absorption and retention of
nitrogen is unquestionable, being necessary for the for-
mation of lean body mass and structures that compose
the body [27].
It is estimated that there is a lower retention of zinc in
females during puberty as a result of lower growth vel-
ocity [28]. However, this micronutrient is of fundamentalTable 4 Mean levels of serum copper (μgZn/gHb) in the
growth phases of female and male adolescents
Growth Phases Serum Copper (μg/dL) p Value
Onset of the growth spurt
B2 110.0 ± 36.1 (60.0 - 240.0) 0.50
G3 110.0 ± 26.1 (70.0 - 160.0)
Peak acceleration
B3 113.0 ± 31.9 (60.00 - 230.00) 0.002
G4 90.3 ± 28.3 (50.0 - 160.0)
Deceleration
B4 108.5 ± 40.6 (60.0 - 270.0) 0.01
G5 79.1 ± 18.8 (50.0 - 120.0)
B5 122.5 ± 50.4 (60.0 - 240.0) 0.003
G5 79.1 ± 18.8 (50.0 - 120.0)
B female breast development
G male genital development
( ) variation of the values found
p descriptive level of the Student's t t testimportance for the proper functioning of female sexual
organs due to the role played in oocyte maturation and,
consequently, in estrogen synthesis. It was observed that
the elevated frequency of erythrocyte deficiency, in the
adolescents assessed, was probably caused by difficulties
related to impaired erythrocyte zinc uptake, which oc-
curs as a result of some nutritional deficiencies [6].
Median concentration of copper was greater, in all
groups, than the adopted reference value (70 μg/dL); how-
ever, literature reports diverse cutoff points [2, 19, 29, 30]
which hinder the comparison of results.
Other studies describe copper concentrations in
serum or plasma in adolescents; however, they do not
consider puberty stages, grouping the samples accord-
ing to chronological age [31–33], or assessing a broad
age range [34, 35], which also impedes the compari-
son of results.
The level of serum copper in males presented a statis-
tically significant reduction, in the final two stages, that
is, G1, G2, G3 > G4, G5, which was not observed in
females. It is known that serum copper levels are
positively associated with serum leptin concentrations
[36, 37] in adults and adolescents [36, 38]. This association
suggests that copper may be involved in the synthesis
and metabolism of leptin, and leptin may be a copper
metabolism regulator [36]. The same result was pre-
sented in the study of Horlick et al. [38] which re-
ports that the leptin profile differs according to gender,
describing greater plasmatic concentration in stages 1, 2,
and 3 of pubertal development in males. It is important
to highlight that the serum copper profile throughout
pubertal development observed in this study perfectly
overlaps the leptin profile described by these authors.
Assessment of serum copper levels in an age range
that included newborns, children, and adolescents of
both genders presented a statistically significant reduc-
tion in males [39]. Other study with 320 children (160
boys and 160 girls) aged between 7 and 14 years showed
a statistically significant reduction in serum copper con-
centration in male children [31]. However, another study
observed that serum copper decreased slightly with the
increase of age, without difference between genders,
through the assessment of 1098 boys and 1017 girls,
aged 0.5 to 18 years [40].
Another study suggests that in men, the levels of tes-
tosterone have an influence on copper deficiency, as
there is a reduction in the levels of testosterone and an
increase in copper concentration in blood in castrated
rats. According to the authors, women seem to be pro-
tected from copper deficiency due to estrogen, a hor-
mone which alters the distribution of copper in the liver
and increases its plasmatic levels [9].
The comparison of serum copper concentrations be-
tween genders, at peak acceleration and deceleration of
Marques et al. Nutrire  (2016) 41:9 Page 7 of 8growth, presented higher values in females. Estévez
et al. [34] compared serum copper concentrations be-
tween men and women in fertile age and reported ele-
vated levels in females. However, in the age range that
comprises adolescence, pubertal development was not
considered, which impedes a better comparison with
our results.
Concerning serum copper, there was a low prevalence
of deficiency. This result is consistent with the study by
Estévez et al. [34] which reports the prevalence of cop-
per deficiency, in male and female adolescents, at 3.6
and 2.1 %, respectively.
Alterations in the biochemical indices of erythrocyte
zinc and serum copper that occur during adolescence not
only reflect the specific nutritional status of these nutri-
ents but also seem to be a result of physiological hormonal
alterations in this period. Nevertheless, there were numer-
ous difficulties for this investigation, since the hormonal
alterations that accompany the period of puberty lead to
major modifications in different areas of the body, and,
consequently, in the distribution of zinc and copper.
Conclusions
The level of erythrocyte zinc is directly influenced by
modifications that occur with the evolution of puberty in
both genders, although always with deficient deposition.
The level of serum copper is inversely influenced by
modifications that occur with the evolution of puberty
in males, which does not occur in females.
At peak acceleration and deceleration of growth, there
is a greater mobilization of erythrocyte zinc and serum
copper in males, when compared to females, which does
not occur at the onset of the acceleration of growth.
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